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Objectives: The purpose of this study is to evaluate the effects of crossclamping the ascending aorta in acute type
A aortic dissection during the cooling phase for deep hypothermic arrest on early clinical outcome.
Methods: The records of 275 consecutive patients who underwent surgery for acute type A aortic dissection were
reviewed. Ten patients have been excluded. Overall, 265 patients who underwent surgery under deep hypother-
mia and circulatory arrest in the ‘‘open technique’’ were divided retrospectively into two groups: those who un-
derwent surgery with crossclamping of the ascending aorta during the cooling phase at the begin of the procedure
(group 1, n ¼ 191; 72.1%) and those in whom the aorta was not clamped (group 2, n ¼ 74; 27.9%).
Results: Preoperative characteristics were similar in both groups. In group 1, femoral artery cannulation, com-
posite graft repair, and aortic arch replacement were significantly more frequent. In-hospital mortality was
15.2% in group 1 and 17.6% in group 2 (P ¼ not significant). Neurologic deficits were observed in 9.4% in
group 1 and in 10.8% in group 2 (¼ not significant). There were no significant differences in clinical outcome
between the two groups of patients.
Conclusions: This study demonstrates that both options, aortic crossclamping or noclamping, may be used dur-
ing the induction of deep hypothermia to repair acute type A aortic dissections with similar early clinical outcome.
For the selection of the most appropriate technique, we recommend case by case evaluation, weighing the poten-
tial risks and benefits of aortic crossclamping.Acute aortic dissection type A (AADA) is an emergency
situation that requires immediate surgical intervention.1
Standard surgical therapy consists of replacing the ascend-
ing aorta with resection of the entry tear. The current consen-
sus among the majority of surgical experts is that the distal
anastomosis should be performed in an ‘‘open fashion’’ at
the level of the proximal arch with deep hypothermic circu-
latory arrest (DHCA).2-7 This allows direct inspection of the
aortic arch and may facilitate the confection of the distal
anastomosis. Furthermore, this approach favors localization
of the intimal tear when it is not visualized in the ascending
aorta.
During the cooling period, some surgeons avoid cross-
clamping the ascending aorta while waiting for the targeted
temperature for circulatory arrest to be established, whereas
others prefer to crossclamp the ascending aorta during the
cooling phase and proceed with the proximal anastomosis
first.
There are speculations about the potential risks of cerebral
and other malperfusion syndromes when the ascending aorta
is crossclamped, but it is still unclear whether this maneuver
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clinical outcome. Literature addressing this specific question
is scarce.
The purpose of this study was to evaluate the effects of
crossclamping the ascending aorta in AADA during the
cooling period before circulatory arrest on early clinical
outcome after repair.
METHODS
Patients
The records of 275 consecutive patients who underwent surgery for
AADA during a 10-year period were reviewed with the use of information
gathered contemporaneously in our departmental database and supple-
mented as necessary from patient records. Informed consent was obtained
from each patient. The study protocol was approved by the local ethical
committee. Seven patients were excluded from the study group because
of missing data and 3 patients were excluded because they died in the oper-
ating room before the operation could be started.
Patients who underwent aortic repair with DHCA using the ‘‘open tech-
nique’’ were divided into two groups according to the operative strategy re-
ported in the patient’s chart. Group 1 included 191 (72.1%) patients who
underwent surgery with crossclamping of the ascending aorta, and group
2 included those in whom the ascending aorta was not crossclamped during
surgery (n ¼ 74; 27.9%). The decision whether or not the aorta would be
clamped depended on surgeon’s preference and was mainly based on the in-
traoperative findings. Clamping was much more frequent if aortic root re-
placement or aortic valve replacement was required and in situations of
rupture. Some surgeons had clear preferences whether or not to clamp the
aorta. However, overall surgical experience was similar in both groups.
All preoperative, perioperative, and postoperative data were assessed
and results are summarized in Tables 1, 2, and 3, respectively.
Malperfusion syndrome was diagnosed when clinical symptoms and/or
radiologic evidence were present and defined accordingly to a recent publi-
cation.8rgery c December 2008
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AADA ¼ acute aortic dissection type A
CPB ¼ cardiopulmonary bypass
DHCA ¼ deep hypothermic circulatory arrest
NS ¼ not significant
PRIND ¼ prolonged reversible ischemic
neurological deficit
TIA ¼ transient ischemic attack
TND ¼ temporary neurologic dysfunction
RAACP ¼ continuous cerebral perfusion through
the right subclavian artery
Postoperative myocardial infarction was defined as elevation of the MB
isoform of creatine kinase over 60 IU/L.
Definitions of Neurologic Complications
Neurologic examination was performed in all patients in the intensive
care unit while awaking or immediately after extubation. A computed tomo-
graphic and/or magnetic resonance imaging scan of the brain was performed
in all patients, who showed signs or symptoms of neurologic dysfunction.
Cerebrovascular incident was defined as a new neurologic deficit compat-
ible with a lesion diagnosed by computed tomographic and/or magnetic res-
onance imaging scan.
Duration of neurologic symptoms was monitored to subdivide cerebro-
vascular incidents into transient ischemic attack (TIA) lasting less than
24 hours or prolonged reversible ischemic neurological deficit (PRIND) be-
tween 24 and 72 hours versus persistent cerebrovascular accidentwith neu-
rologic symptoms longer than 72 hours.
Temporary neurologic dysfunction (TND) was defined as a Glasgow
Coma Scale value less than 13. These patients typically exhibit loss of ori-
entation, slurred speech, agitation, and absence of adequate reaction to com-
mands. Glasgow Coma Scale was assessed in the intensive care unit every
second hour and at least 3 times daily on the ward. All patients with TND
required treatment with psychotropic drugs to control agitation and delir-
ium. More subtle forms of neurologic dysfunction such as minimal disori-
entation and agitation that did not require sedative medication were not
reported as TND in the current study.
Surgical Procedures
Surgical repair of AADA was performed through a midline sternotomy.
During the study period, cardiopulmonary bypass (CPB) was conducted
with deep hypothermia after arterial and venous cannulation (Table 2). Max-
imal temperature gradient during cooling and rewarming was not superior to
10C, target tympanic temperature being between 18C and 20C. Transe-
sophageal echocardiography was routinely used to detect pathologic blood
flow. During the whole study period the cooling and rewarming protocol re-
mained the same. Phenobarbital (15–20 mg/kg) was administered 2 to 3
minutes before initiation of DHCA.
Modality of cerebral protection was modified in the observation period,
according to the most evident advantages of new techniques. Continuous
cerebral perfusion through the right subclavian artery (RAACP) was intro-
duced routinely in 2003. For RAACP to be performed, the right axillary
artery is cannulated by inserting an 8F cannula, and the perfusate is set
at 12C and applied between 14C and 16C. The subclavian artery is per-
fused with oxygenated full blood at a flow of 1000 to 1500 mL/min with
a pressure of 30 to 40 mm Hg or slightly above, also measured at the tip of
the cannula. During RAACP, supra-aortic vessels are clamped at the ori-
gin. No specific neurologic monitoring was used during the procedure in
this study group.The Journal of Thoracic and CIn patients from group 1, the ascending aorta was crossclamped and
proximally transected during the cooling period. Selective antegrade blood
cardioplegic solution was administered into the coronary ostia. Repair was
performed by either supracoronary graft replacement with resuspension of
the aortic valve or composite graft replacement of the aortic root, depending
on the pathologic condition of the aortic valve and the sinuses (Table 2).
After proximal anastomosis, the distal anastomosis was performed bt the
open technique along the principles described below for group 2.
In group 2, the distal anastomosis was performed first after the anticipa-
tion of DHCA using the open technique. The patient was placed in the Tren-
delenburg position and the inner aortic lumen and origins of arch vessels
were inspected. In all patients, the distal anastomosis was performed in
the so-called ‘‘hemiarch’’ technique (Table 2). If the aortic arch or the de-
scending thoracic aorta was dilated or completely destroyed by the dissec-
tion, aortic arch replacement with or without the elephant trunk technique
was performed (Table 2). Then, after deairing of the prosthesis, the aortic
arch, and supra-aortic vessels and the flushing of potential debris, the supra-
coronary graft was crossclamped and CPB was restarted. In the majority of
patients, CPB was reinstituted through the side branch of the Vascutek An-
teflow prosthesis (Vascutek Ltd, Inchinnan, Scotland). This allows the aorta
to be perfused in an antegrade way. During the rewarming period, the prox-
imal aortic anastomosis was accomplished along the principles described
above for group 1 and the right axillary artery was reconstructed.
Statistical Analysis
Data are presented as mean values  their first standard deviation. The
significance of difference between groups was assessed by the Student
t test, Mann–Whitney U test, c2, or the Fisher exact test, as appropriate.
Data were analyzed with the StatView 4.1 statistical package (Abacus
Concepts, Berkley, Calif). To compare and quantify the possible influence
of all risk factors and the operative technique on the occurrence of cerebro-
vascular problems, we performed an ordinal regression analysis. As the
dependent variable, we constructed a ranking in severity: mortality was
considered as the most severe event, corresponding to a value of 5. Perma-
nent stroke corresponded to 4, PRIND to 3, TIA to 2, and TND to 1. The
absence of any cerebrovascular dysfunction corresponded to 0, indicating
the best outcome.
As possible influence factors, we included age, extracorporeal circula-
tion time, and DHCA time as covariates and sex, history of smoking, diabe-
tes, the presence of a malperfusion syndrome, redo surgery, and total arch
TABLE 1. Comparison of patients’ demographics and preoperative
clinical data
Group 1
(ascending aorta
crossclamped)
(n ¼ 191)
Group 2
(ascending aorta
not crossclamped)
(n ¼ 74)
P
value
Age (y) 61.3  11.9 62  9.8 .408
Male 144 (75.4%) 50 (67.6%) .197
History of myocardial
infarction
9 (4.7%) 4 (5.4%) .815
History of smoking 56 (29.3%) 15 (20.3%) .136
Diabetes mellitus 13 (6.8%) 2 (2.7%) .195
Arterial hypertension 117 (61.3%) 46 (62.2%) .892
Hyperlipidemia 24 (12.6%) 12 (16.2%) .436
History of prior
cardiac surgery
8 (4.2%) 7 (9.5%) .096
Aortic aneurysm 81 (42.4%) 26 (35.1%) .279
Marfan syndrome 11 (8.4%) 1 ( 2.4%) .191
Malperfusion syndrome 66 (34.6%) 25 (33.8%) .906ardiovascular Surgery c Volume 136, Number 6 1537
Acquired Cardiovascular Disease Immer et al
A
C
DTABLE 2. Comparison of patients’ perioperative data
Group 1 (ascending aorta
crossclamped) (n ¼ 191)
Group 2 (ascending aorta
not crossclamped) (n ¼ 74) P value
Blood in pericardium 63 (33%) 25 (33.8%) .901
Aortic cannulation 9 (4.7%) 3 (4.1%) .817
Right axillary cannulation 43 (22.5%) 24 (32.4%) .096
Femoral artery cannulation 86 (45%) 23 (31.1%) .038
Iliac artery cannulation 53 (27.7%) 24 (32.4%) .451
Composite graft replacement 71 (37.2%) 8 (10.8%) <.001
Elephant trunk 9 (4.7%) 8 (10. 8%) .069
Including arch replacement 1 (0.5%) 4 (5.4%) .009
ECC time (min) 136.6  46.3 133.6  42.5 .712
Aortic/proximal aortic tube graft
crossclamping time (min)
83.6  32.8 70.2  31.4 <.001
DHCA time (min) 22.9  8.7 23.9  5.8 .135
RAACP 43 (22.5%) 24 (32.4%) .096
Operation time 238.3  66.0 236.9  66.4 .740
DHCA, Deep hypothermia and circulatory arrest; ECC, extracorporeal circulation; RAACP, continuous cerebral perfusion through the right subclavian artery.replacement as factors. The overall goodness of fit was significant (P ¼
.000), the Nagelkerke pseudo R2 ¼ 0.191, indicating that about 19% of
the variance can be explained by the model.
RESULTS
The preoperative patient characteristics and the perioper-
ative data were similar (Table 1). Central nervous system
malperfusion with all types of neurologic symptoms was ob-
served in 27 patients in group 1, in which the ascending
aorta was crossclamped (14.1%), and 10 patients in group
2, without clamping (13.5%), which did not represent a sig-
nificant difference between the two study groups (P ¼ not
significant [NS]).
Table 2 displays the comparison of patients’ perioperative
data.
TABLE 3. Comparison of patients’ postoperative data and outcomes
Group 1
(ascending aorta
crossclamped)
(n ¼ 191)
Group 2
(ascending aorta
not crossclamped)
(n ¼ 74)
P
value
In-hospital mortality 29 (15.2%) 13 (17.6%) .633
ICU stay (d) 5.1  7.0 3.73  3.2 .635
IABP use 4 (2.1%) 2 (2.7%) .765
Revision for bleeding 19 (9.9%) 4 (5.4%) .239
Postoperative MI 9 (4.7%) 9 (12.2%) .031
Atrial fibrillation 51 (26.7%) 14 (18.9%) .186
Total CVIs 43 (22.5%) 19 (25.7%) .585
Transient neurologic
deficit (TIA, PRIND)
25 (13.1%) 11 (14.9%) .705
Persistent neurologic
deficit
18 (9.4%) 8 (10.8%) .734
TND 26 (13.6%) 14 (18.9%) .279
Length of hospital
stay (d)
14.9  11.6 12.6  8.5 .222
CVI, Cerebrovascular incident; IABP, intra-aortic balloon pumping; ICU, intensive
care unit; MI, myocardial infarction; PRIND, prolonged reversible ischemic neuro-
logic deficit; TIA, transient ischemic attack; TND, temporary neurologic dysfunction.1538 The Journal of Thoracic and Cardiovascular SThere was no significant difference in in-hospital mortal-
ity between the two groups (Table 3). Six patients died in the
operating room (mortality 2.1% in the clamped group and
2.7% in the nonclamped group; P ¼ NS). All operating
room deaths were a result of ‘‘myocardial failure and not be-
ing able to come off CPB’’ in both groups. The clinical and
neurologic outcomes did not show any significant difference
other than postoperative myocardial infarction being more
frequently observed in group 1 (Table 3). Overall intensive
care unit stay tends to be longer in the group of patients in
whom the aorta was clamped, without reaching statistical
significance (P ¼ NS). All types of cerebrovascular inci-
dents are reported for both groups with 22.5% in the
clamped group compared with 25.7% in the nonclamped
group. Cerebrovascular events were labeled as persistent
(neurologic symptoms>72 hours) and transient (neurologic
symptoms<72 hours). Also, no difference was found in the
repartition of persistent and transient neurologic symptoms
within both groups.
Looking at the data of the ordinal regression analysis, we
found that neurologic outcome in our series was mainly af-
fected by the presence of malperfusion, age at the time of
operation, extracorporeal circulation time, and duration of
DHCA (Table 4).
DISCUSSION
Today a majority of surgeons perform the distal anasto-
mosis for repair of AADA in the so-called open technique
at the level of the proximal aortic arch.3,7,9,10 The advantage
of DHCA and the open technique is that the inner aortic lu-
men can be visualized for detection of longitudinal intimal
tear in the aortic arch, including the origin of the aortic
arch vessels. Thus a more delicate reconstruction of the dis-
sected aortic layers can be achieved with biologic glue, and
we believe that suturing can be performed more easily with-
out the clamp on the aorta.1,5urgery c December 2008
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by the open technique have not yet come to a consensus
about the following question: Should the ascending aorta
be clamped during the cooling phase before DHCA or
should this maneuver be avoided? To our knowledge, this
question has not yet been fully elucidated in the literature.
The potential advantages of crossclamping the ascending
aorta during of the cooling phase may be as follows: (1) to
prevent left ventricular distention, especially in patients
with significant aortic insufficiency; (2) to allow more rapid
establishment of cardiac arrest by direct application of cardi-
oplegic solution through the coronary ostia; (3) to control
bleeding in case of aortic rupture; and (4) to shorten opera-
tive time when a more complex procedure on the aortic root
is required (eg, aortic valve reimplantation after David or
composite graft) instead of the more simple supracoronary
aortic replacement.
On the other hand, potential risks of crossclamping the as-
cending aorta during cooling may be as follows: (1) clamp
injuries of the fragile ascending aorta; (2) mobilization of
the clot into the lumen and greater vessels, which may
lead to cerebral or peripheral embolization; (3) false lumen
perfusion against the aortic crossclamp with consecutive dis-
tension of the false channel; (4) brachiocephalic malperfu-
sion owing to an aortic intimal flap with a consequent
increase in perioperative stroke risk; and (5) worsening ex-
tension of dissection.
In the present study, we were not able to observe any sig-
nificant difference in operating room or in-hospital mortality
rates between the two study groups. Including all 275 pa-
tients who were consecutively operated on during the obser-
vational period starting in 1994, the overall mortality was
16.4% (45/275). Most recently, the mortality rate decreased
to 8% to 9% in our study. Our study results support prior
observations that despite all of the surgical advances, AA-
DAs still remain a major challenge, with operative mortality
rates of 15% to 28% and stroke rates of 2% to 15%.4,5,11-19
TABLE 4. Ordinal regression analysis
Estimator Significance 95% CI
Age at the time of surgery 0.037 .005 .011–.062
ECC time 0.008 .010 .002–.014
DHCA time 0.038 .025 .005–.014
Gender 0.107 .717 .685–.471
History of smoking 0.082 .783 .502–.665
Diabetes mellitus 0.275 .614 .794–1.344
Malperfusion syndrome 0.926 .000 1.439–.41
Redo surgery 0.358 .547 .807–1.522
Total arch replacement 1.885 .125 .523–4.293
Axillary perfusion 1.627 .059 3.317–.063
Composite graft 0.460 .154 .173–1.094
CI, Confidence interval; ECC, extracorporeal circulation; DHCA, deep hypothermic
circulatory arrest.The Journal of Thoracic and CAortic crossclamping might be the cause of permanent or
transient neurologic dysfunction as a consequence of cere-
bral malperfusion and/or embolization. In the literature, it
has been widely discussed that the aortic intimal flap may
produce brachiocephalic malperfusion with a consequent in-
crease in perioperative stroke risk.20-25 However, our data
could not confirm any negative effect of crossclamping on
neurologic outcome. The left radial arterial pressure, which
is routinely used for blood pressure monitoring in case of
axillary cannulation on the right side, may not be reliable
to follow malperfusion since it might be unaffected.20 The
detection of brachiocephalic malperfusion during operative
repair of AADA has been described with transesophageal
echocardiography, transcranial Doppler, transcutaneous
ultrasound carotid imaging, electroencephalogram, and
regional cerebral oximetry.20 In all our cases, we used trans-
esophageal echocardiography routinely, but we did not
detect perioperative malperfusion in any of the cases.
Van Arsdell, David, and Butany26 reported in their au-
topsy series of AADA that patients who did not undergo sur-
gery often had only one entry and reentry tear compared with
patients operated on with aortic crossclamping, who gener-
ally had multiple tears. The authors speculated that mechan-
ical trauma applied to the aortic wall during crossclamping
was responsible for this finding. Zierer and associates27 be-
lieved that a mechanical trauma like aortic crossclamping
may increase the risk of focal cerebral injuries owing to
the dispersion of intra-aortic atheromatous debris. However,
we believe that atheromatous emboli should be of less con-
cern for aortic crossclamping with DHCA, because the
crossclamp is released after circulatory arrest and the as-
cending aorta is thereafter replaced. However, aortic cross-
clamping may theoretically squeeze the clot into the lumen
and greater vessels and may cause thromboemboli. Never-
theless, we did not observe any difference in neurologic
complications between the two study groups.
Several definitions of neurologic outcome can be found in
the literature. However, comparing our results with the data
published in other studies shows that the incidence of tran-
sient and persistent neurologic symptoms is very similar.27
We introduced routine axillary artery cannulation instead
of perfusion through the femoral artery in 2003 to avoid po-
tential malperfusion and atheroembolic complications asso-
ciated with retrograde perfusion in AADAs.20,28-30 In the
current study interval, femoral artery cannulation was
more frequent in group I only because of historical reasons,
whereas CPB times and duration of DHCA were similar. In
group 1, the rate of composite graft replacement is higher.
Those patients which frequently required more root recon-
struction with composite graft replacement since they had
significant aortic regurgitation more often.
Looking at the results from the ordinal regression analy-
sis, we can confirm that cerebrovascular incidents are mainly
caused in the presence of a malperfusion syndrome,ardiovascular Surgery c Volume 136, Number 6 1539
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unexpected, but in the most recent period, subclavian artery
cannulation has led to a significantly lower reduction of
cerebrovascular complications, less malperfusion, and im-
proved early outcome.8
LIMITATIONS
This is a retrospective observational study. Some impor-
tant patient characteristics such as history of stroke, history
of carotid artery occlusion, alcoholism, renal failure, chronic
obstructive pulmonary disease, and ejection fraction could
not be included in the analysis because of missing data.
Considering the limitations of the study and theoretical
risks of aortic crossclamping, we prefer to make a cautious
conclusion: Aortic crossclamping during cooling before
DHCA probably does not affect the clinical outcome. Inas-
much as there is no difference in early clinical outcomes,
both techniques may be used. Selection may occur on
a case-by-case basis, weighing the potential risks and bene-
fits of aortic crossclamping, considering the severity of
aortic regurgitation, left ventricular distention, and the pul-
monary artery pressure.
We thank Brigitta Gahl, dipl Math, for her help in statistical
analysis.
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